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I. Basis of the r port 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

4-9 as originally filed 

1 -3,3A-3D as received on 06/1 0/2000 with letter of 06/1 0/2000 
Claims, No.: 

1 -8 as received on 06/1 0/2000 with letter of 06/1 0/2000 
Drawings, sheets: 

1/5-5/5 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, 

□ the claims, 

□ the drawings, 



sheets: 



pages: 
Nos.: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 7,8. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 



El the description, claims or drawings (indicate particular elements below) or said claims Nos. 7,8 are so 
unclear that no meaningful opinion could be formed (specify): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Form PCT/IPEA/409 (Boxes i-VIII, Sheet 2) (July 1998) 



because: 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/00982 



1. Statement 

Novelty (N) Yes: Claims 1 -6 

No: Claims 

Inventive step (IS) Yes: Claims 1-6 

No: Claims 

Industrial applicability (IA) Yes: Claims 1 -6 

No: Claims 



2. Citations and explanations 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/GB00/00982 

EXAMINATION REPORT - SEPARATE SHEET 



to section III. 

Claims 7 and 8 contain a reference to the drawings. According to Rule 6.2(a) PCT 
such claims are allowable only where the reference is absolutely necessary. Such 
is, however, not the case here. Indeed these two claims are trying to define the 
subject-matter only by referring to the drawings instead by the technical features 
essential to the invention, contrary to Article 6 PCT. These claims should thus be 
deleted. 

to section V. 

1 . The present invention relates to a method of routing a message in a communi- 
cations network of interconnected nodes, to a node for use in a communications 
network of interconnected nodes and to the communications network comprising 
interconnected nodes, according to the features of the amended independent 
claims 1 , 4 and 6 respectively. 

The closest prior art document appears to be represented by the document US- 
A-5 649 108 (first document cited in the international search report) and is ac- 
knowledged in the opening part of the description. 

2. According to the features of the independent claims the inventive step consists in 
the special arrangement of the method steps that overcome the problems of the 
prior art method in which the routing table in each node has to contain, for each 
respective destination node, a set of complete end-to-end routes for copying into 
the source route fields of the setup packets. 

The underlying concept is not disclosed in or rendered obvious by the cited prior 
art documents. The subject-matter of the independent claims thus fulfils the re- 
quirements of Article 33 PCT. 

3. The dependent claims contain further details on the subject-matter of the 
respective independent claims. These dependent claims merely limit the scope of 
protection sought by the independent claims and are therefore also considered to 
fulfil the requirements of Article 33 PCT. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



06-10-2000 



h:\patents\25756wo.doc 



GB0000982 



• • * < 



* • 



ROUTING IN A COMMUNICATIONS NETWORK 
This invention relates to a method of routing in a communications network 
of interconnected nodes, and particularly, but not exclusively, to a method of 
routing in a sparsely connected network. 
5 A number of routing algorithms are known for routing in a network of 

interconnected nodes. For example, in the event of a fault preventing a message 
from being forwarded from a transit node to an adjacent node, the message is sent 
on an alternative route to that adjacent node via another transit node. In another 
example, known as source node routing, if there is a fault on a primary route to a 

10 destination node, the message is returned to the source node and a secondary 
route is tried from the source node to the destination node. 

United States Patent No. 5,649,108 (Spiegel et al.), issued 15 July 1997, 
discloses a routing algorithm in which a source node, having a routing table 
containing, for each destination node, first choice, second choice, etc. complete 

15 end-to-end routes, i.e. each such route being a list of those nodes that a 
connection setup packet should pass through to establish a connection, selects 
one of first and second routing mode flags and selects from its routing table the 
first choice route to a destination node in response to a connection request. The 
source node generates a connection setup packet having a source route field, a 

20 record route field (for containing a list of those nodes through which the 
connection has already been established), a cumulative cost field, a cost threshold 
field, a crankback limit field, and a routing mode flag field. The source node copies 
the first choice end-to-end route from its routing table into the source route field, 
and establishes a connection to a first intermediate node located along the first 

25 choice route by sending the connection setup packet to that first intermediate 
node. 

The first intermediate node is responsive to the first routing mode flag for 
extending the connection along the first choice route, i.e. testing the link to the 
next node of the first choice route as defined by the source route field and sending 
30 the packet to that next node if the link is available, and for updating the record 
route and cumulative cost fields. 

If that link is not available, operation of the intermediate node is 
determined by which of the routing mode flags has been set. If the second routing 
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mode flag has been set for that setup packet, i.e. requiring source node routing, 
then the first intermediate node sends a NACK to the source nod . Upon receipt of 
the NACK, the source node releases that connection and generates a new setup 
packet, copying the stored end-to-end second choice route into the source route 
5 field of that new setup packet. However, if the second routing mode flag has been 
set for that setup packet, then that intermediate node records that link as being 
blocked for this connection, and attempts to find a new path tail from itself to the 
destination node by determining whether there is another path available in its 
routing table which has not been tested before. If there is, a path is selected and 

10 tested by adding the cost to the cumulative cost and comparing the new 
cumulative cost with the cost threshold. If the new cumulative cost is too high, 
control loops back to selecting from that routing table another path from among 
the possible paths to the destination node. If the new cumulative cost is not too 
high, the new path is checked to see whether it includes any links recorded as 

1 5 being blocked for this connection, and, if so, control loops back again to select 
another new path. If the new path does not include any blocked links, a check is 
made to see whether the new path causes any loops, and if so whether a 
crankback to the previous node would exceed the value in the crankback limit 
field. If the crankback limit would be exceeded, control loops back again to select 

20 another new path, but if not, then the crankback limit field is decremented from its 
initial value of one, and the setup packet cranked back to the previous node. On 
receipt of a cranked back setup packet, a node decrements the cumulative cost 
field in respect of the link from the cranking back node, removes that node's 
identifier from the record route field, and proceeds to find a new path tail from 

25 itself to the destination node. 

In the event that an intermediate node fails to extend the connection along 
the first choice route, it will try to find a new path tail by repeatedly selecting and 
testing one of its respective set of first choice, second choice, etc. paths to the 
destination node until either a suitable path is found or all the paths have been 

30 tested. 

Thus it can be seen that in Spiegel et al. the routing tab! in each node 
has to contain, for each respective destination node, a set of complet end-to end 
routes for copying into the source route fields of the setup packets. 



AMENDED SHEET 



06-10-2000 



h:\patents\25756wo.doc 



9 v a 

• • • % 

• • * « 



•'Si - 



GB0000982 



* • r 

• * • 



Conventionally, for such a routing algorithm there would be in the region of six to 
eight alternativ rout s for each destination node. 

The article "Steady-State Performance of an Adaptive Sequential Routing 
Algorithm" by Harold M Heggestad, Proceedings of the National 
5 Telecommunications Conference (NTC '81), New Orleans, Louisiana, USA, 29 
November to 3 December 1981, discloses a spill-forward routing algorithm and a 
sequential routing algorithm. In the spill-forward routing algorithm, each node has 
a routing table containing for each destination node a list of the links leaving that 
node ranked in order of their link blocking probabilities, and has a three-fold call 

10 attempt process, namely (Da link leaving a source node is tried if and only if all 
links above it in the routing table are blocked, (2) when an intermediate node is 
reached, control is passed ("spills forward") to it as if it had become the source 
node, and (3) when a call request is blocked at all exits from a node, it is dropp d 
and re-initiated by the originator. In the sequential routing algorithm, which is a 

1 5 modification of the spill-forward routing algorithm, each node has a routing tabl 
similar to that for the spill-forward routing algorithm, and has a three-fold call 
attempt process, namely (1) a link leaving a source node is tried if and only if all 
links above it in the routing table are blocked, (2) a call request which is blocked at 
all exits from an intermediate node is cranked back to the closest preceding node 

20 having any still-untried links, and (3) a call request is ultimately blocked if and only 
if every possible source node/destination node route is blocked. When a node 
sends a call request packet to a neighbouring node, it extends a route history in 
the call request header by adding a field containing its own identity, the 
neighbouring node identity and an indication of whether the packet is being 

25 forwarded or returned. 

Thus it can be seen that in Heggestad each node always acts in source 
mode and will only crankback a packet when all exits have been tried and found to 
be blocked. 

In accordance with one aspect of the present invention, there is provided 
30 a method of routing a message in a communications network of interconnected 
nodes, the nodes being arranged to generate messages, each message having a 
destination information element containing th identity of a destination node for 
that message, a sourc information elem nt containing the identity of the source 
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node of that message, and a virtual source information element initially containing 
the identity of that source node, and each of the nodes having a respective routing 
table containing respective entries corresponding to source node/destination node 
pairs, each entry being in the form of a ranked pair of alternative next hop routes, 
5 the method comprising performing at a said node the steps of: 

(a) comparing its own node identity with the destination node identity of a 
message to be routed; and, when it is not the destination node for that message, 

(b) comparing its own node identity with the virtual source node identity 
of that message, and, 

10 if there is a match at step (b), 

(c) operating in source mode, 

else, 

(d) operating in transit mode; 
wherein step (c) comprises the substeps of 

15 (e) accessing its routing table in accordance with the virtual source 

node/destination node pair of that message to find the corresponding entry, 

(f) forwarding the message to the higher ranking next hop route of that 
corresponding entry, and in the event that step (f) fails, 

(g) forwarding the message to the lower ranking next hop route of that 
20 corresponding entry, and in the event that step (g) fails, 

(h) replacing the content of the virtual source information element of the 
message with the node identity of the node from which that message was 
received, and 

(i) sending that message back to that node from which it was received; 
25 and wherein step (d) comprises the substeps of 

(j) forwarding the message to a preselected one of the ranked pair of 
alternative next hop routes of that corresponding entry, and in the event 
that step (j) fails, 

(k) replacing the content of the virtual source information element of the 
30 message with its own node identity and performing step (c). 

The present invention is advantageous vis-a-vis Spiegel et al. in that a 
setup packet does not contain a source route field, thus reducing the packet 
overhead, and the node routing table does not contain sets of complete end-to-end 
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routes, thus reducing the size of the routing table; and furthermore in that limiting 
each node to only a primary and a secondary route to a destination node enables 
an elegant binary pointer arrangement to be used for determining which of th 
routes is to be used for forwarding a packet depending upon whether the nod 
5 recognises its own identity in the virtual source field of the packet. 

The present invention is advantageous vis-S-vis Heggestad in that the 
network administration can establish a first choice route from a particular node to 
a destination node which has no node or link in common with a first choice route 
from another node to that destination node and for which that particular node is an 
10 intermediate node. By the use of the virtual source field of the present invention a 
node is able to determine whether it is to act in transit mode or in source mode 
and immediately know which outgoing link it has to test for blocking. 

Preferably, for each said pair of alternative next hop routes, the two 
routes are node-disjoint routes. 
15 Preferably substep (h) further comprises changing the state of a flag in a 

crankback information element of the message, and step (f) further comprises an 
initial substep (I) of checking whether the state of the crankback flag is indicativ 
that the higher ranking route has already been attempted for that message. 

In accordance with another aspect of the present invention, there is 
20 provided a node for use in a communications network of interconnected nodes, 
the node having a respective routing table containing respective entries 
corresponding to source node/destination node pairs, each entry being in the form 
of a ranked pair of alternative next hop routes, and being arranged: 

to generate messages, each message having a destination information 
25 element containing the identity of a destination node for that message, a source 
information element containing the identity of the source node of that message, 
and a virtual source information element initially containing the identity of that 
source node, and each of the nodes; 

to compare its own node identity with the destination node identity of a 
30 message to be routed; and, when it is not the destination node for that message; 

to compare its own node identity with the virtual source node id ntity of 
that message; 
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to operate in source mode in the event of a match between its own node 
identity and the virtual source node identity by 

accessing its routing table in accordance with the virtual source 
node/destination node pair of that message to find the corresponding 
5 entry, 

forwarding the message to the higher ranking next hop route of that 
corresponding entry, and in the event that that higher ranking next 
hop route is not available, 

forwarding the message to the lower ranking next hop route of that 
10 corresponding entry, and in the event that that lower ranking next 

hop route is not available, 

replacing the content of the virtual source information element of 
the message with the node identity of the node from which that 
message was received, and 
1 5 sending that message back to that node from which it was received; 

to operate in transit mode in the event of a mismatch between its own 
node identity and the virtual source node identity by 

accessing its routing table in accordance with the virtual sourc 
node/destination node pair of that message to find the corresponding 
20 entry, 

forwarding the message to a preselected one of the ranked pair of 
alternative next hop routes of that corresponding entry, and in the 
event that that preselected one of the ranked pair of alternative next 
hop routes is unavailable, 
25 replacing the content of the virtual source information element of 

the message with its own node identity and operating in sourc 
mode for that message. 
In accordance with a further aspect of the present invention, there is 
provided a communications network of interconnected nodes, each of the nod s 
30 being as defined in the preceding paragraph. 

A specific embodiment of a method in accordance with the present 
invention will now be described by way of example with reference to the 
drawings, in which:- 
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Figure 1 shows part of a sparsely connected network; 

Figure 2 shows information elements of a message; and 

Figures 3 to 6 respectively show routing tables of some of the nodes of 
the network of Figure 1 . 
5 Before proceeding to the detailed description, the reader may find it useful 

to have definitions of some of the terms in this art. 

Crankback refers to a mechanism for re-routing circuits which have either 
been broken due to the failure of some network element, or else have been unable 
to be established along their designated routes because of a change in network 
10 conditions since the 'topology state database' from which the routes were 
computed was last updated. 

Crankback to source is when a call arrives at a switch (i.e. node) but it 
cannot be forwarded to the next switch designated in its designated transit list 
(DTL) or other route indicator (referred to as a routing table herein), and a message 
15 is sent to the originating switch of the DTL or the call, requiring the call to be re- 
routed on a separate route. 

Hop by hop crankback is when a call arrives at a switch and it cannot be 
forwarded to the next stage on its route, a message is sent to the previous switch 
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1. A method of routing a message in a communications network of 
interconnected nodes, the nodes being arranged to generate messages, each 
5 message having a destination information element containing the identity of a 
destination node for that message, a source information element containing the 
identity of the source node of that message, and a virtual source information 
element initially containing the identity of that source node, and each of the nod s 
having a respective routing table containing respective entries corresponding to 
10 source node/destination node pairs, each entry being in the form of a ranked pair 
of alternative next hop routes, the method comprising performing at a said node 
the steps of: 

(a) comparing its own node identity with the destination node identity of a 
message to be routed; and, when it is not the destination node for that message, 
1 5 (b) comparing its own node identity with the virtual source node identity 

of that message, and, 

if there is a match at step (b), 

(c) operating in source mode, 

else, 

20 (d) operating in transit mode; 

wherein step (c) comprises the substeps of 

(e) accessing its routing table in accordance with the virtual source 
node/destination node pair of that message to find the corresponding entry, 

(f) forwarding the message to the higher ranking next hop route of that 
25 corresponding entry, and in the event that step (f) fails, 

(g) forwarding the message to the lower ranking next hop route of that 
corresponding entry, and in the event that step (g) fails, 

(h) replacing the content of the virtual source information element of the 
message with the node identity of the node from which that message was 

30 received, and 

(i) sending that messag back to that node from which it was received; 
and wherein step (d) comprises the substeps of 
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(j) forwarding the message to a preselected one of the ranked pair of 
alternative next hop routes of that corresponding entry, and in the event 
that step (j) fails, 

(k) replacing the content of the virtual source information element of the 
5 message with its own node identity and performing step (c). 

2. A method as claimed in claim 1 , wherein for each said pair of alternative 
next hop routes, the two routes are node-disjoint routes. 

10 3. A method as claimed in either claim 1 or claim 2, wherein substep (h) 
further comprises changing the state of a flag in a crankback information element 
of the message, and step (f) further comprises an initial substep (I) of checking 
whether the state of the crankback flag is indicative that the higher ranking route 
has already been attempted for that message. 

15 

4. A node for use in a communications network of interconnected nodes, th 

node having a respective routing table containing respective entries corresponding 
to source node/destination node pairs, each entry being in the form of a ranked 
pair of alternative next hop routes, and being arranged: 

20 to generate messages, each message having a destination information 

element containing the identity of a destination node for that message, a source 
information element containing the identity of the source node of that message, 
and a virtual source information element initially containing the identity of that 
source node, and each of the nodes; 

25 to compare its own node identity with the destination node identity of a 

message to be routed; and, when it is not the destination node for that message; 

to compare its own node identity with the virtual source node identity of 
that message; 

to operate in source mode in the event of a match between its own node 
30 identity and the virtual source node identity by 

accessing its routing table in accordance with the virtual source 
node/destination node pair of that m ssage to find the corresponding 
entry, 
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forwarding the message to the higher ranking next hop route of that 
corresponding entry, and in the event that that higher ranking next 
hop route is not available, 

forwarding the message to the lower ranking next hop route of that 
5 corresponding entry, and in the event that that lower ranking next 

hop route is not available, 

replacing the content of the virtual source information element of 
the message with the node identity of the node from which that 
message was received, and 

10 sending that message back to that node from which it was received; 

to operate in transit mode in the event of a mismatch between its own 
node identity and the virtual source node identity by 

accessing its routing table in accordance with the virtual source 
node/destination node pair of that message to find the corresponding 

1 5 entry, 

forwarding the message to a preselected one of the ranked pair of 
alternative next hop routes of that corresponding entry, and in the 
event that that preselected one of the ranked pair of alternative next 
hop routes is unavailable, 

20 replacing the content of the virtual source information element of 

the message with its own node identity and operating in source 
mode for that message. 



5. A node as claimed in claim 4, and further arranged to respond to no route 

25 being available, by changing the state of a flag in a crankback information element 
of the message, and to respond to receipt of a message containing a crankback 
flag in a changed state, by ignoring the alternative route that had previously been 
used for that message. 

30 6. A communications network comprising interconnected nodes as claimed in 

either claim 4 or claim 5. 
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7. A method of routing in a communications network, substantially as 
hereinbefore d scribed with ref renc to the drawings. 

8. A node for use in a communications network, substantially as hereinbefore 
5 described with reference to the drawings. 
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ROUTING IN A COMMUNICATIONS NETWORK 
This invention relates to a method of routing in a communications network 
of interconnected nodes, and particularly, but not exclusively, in a sparsely 
connected network. 

5 A number of routing algorithms are known for routing in a network of 

interconnected nodes. For example, in the event of a fault preventing a message 
from being forwarded from a transit node T1 to an adjacent node T2, the message 
is sent on an alternative route to T2 via another transit node T3. In another 
example, if there is a fault on a primary route to a destination node, the message 
10 is returned to the source node and a secondary route is tried from the source node 
to the destination node. 

In accordance with one aspect of the present invention, there is provided 
a method of routing in a communications network of interconnected nodes, the 
nodes being arranged to generate messages, each message having a destination 
15 information element containing the identity of a destination node for that message, 
a source information element containing the identity of the source node of that 
message, and a virtual source information element initially containing the identity 
of that source node, the method comprising performing at each node the steps of: 

(a) retrieving from a message the contents of its destination information 
20 element and its virtual source information element; 

(b) comparing the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

(c) comparing the retrieved virtual source node identity with its own node 
identity and, 

25 in the event of a match at step (c), 

(d) sending the message to the destination node via the highest 
ranking available route of a ranked set of alternative routes for that destination 
node, and 

in the event of a mismatch at step (c), 
30 (e) sending the message to the destination node via a predetermined 

alternative route for that destination node; and 

in the event of the unavailability of the predetermined alternative route in 

step (e), 
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(f) replacing the content of the virtual source information element of 
the message with its own node identity and performing step (d), and 

if no route is available, 

(g) replacing the content of the virtual source information element of 
5 the message with the node identity of the node from which the message was 

received and sending the message back to that node from which it was received. 

Preferably, at least two of the set of alternative routes are node-disjoint 

routes. 

Preferably step (g) further comprises changing the state of a flag in a 
10 crankback information element of the message, and step (d) comprises ignoring 
the alternative route that had previously been used for that message. 

In accordance with another aspect of the present invention, there is 
provided a node for use in a communications network of interconnected nodes, 
the node being arranged to generate messages, each message having a destination 
1 5 information element containing the identity of a destination node for that message, 
a source information element containing the identity of the source node of that 
message, and a virtual source information element initially containing the identity 
of that source node, and being arranged 

to retrieve from a message the contents of its destination information 
20 element and its virtual source information element; 

to compare the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

to compare the retrieved virtual source node identity with its own node 
identity and, 

25 in the event of a match between the retrieved virtual source node identity 

and its own node identity, 

to send the message to the destination node via the highest ranking 
available route of a ranked set of alternative routes for that destination node, and 
in the event of a mismatch between the retrieved virtual source node 
30 identity and its own node identity, 

to send the message to the destination node via a predetermined 
alternative route for that destination node; and 

in the event of the unavailability of said predetermined alternative route, 
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to replace the content of the virtual source information element of 
the message with its own node identity and to send the message to the 
destination node via the highest ranking available route of the ranked set of 
alternative routes for that destination node, and 
5 if no route is available, 

to replace the content of the virtual source information element of 
the message with the node identity of the node from which the message was 
received and to send the message back to that node from which it was received. 

In accordance with a further aspect of the present invention, there is 
10 provided a communications network of interconnected nodes, each of the nodes 
being as defined in the preceding paragraph. 

A specific embodiment of a method in accordance with the present 
invention will now be described by way of example with reference to the 
drawings, in which:- 
15 Figure 1 shows part of a sparsely connected network; 

Figure 2 shows information elements of a message; and 
Figures 3 to 6 respectively show routing tables of some of the nodes of 
the network of Figure 1 . 

Before proceeding to the detailed description; the reader may find it useful 
20 to have definitions of some of the terms in this art. 

Crankback refers to a mechanism for re-routing circuits which have either 
been broken due to the failure of some network element, or else have been unable 
to be established along their designated routes because of a change in network 
conditions since the 'topology state database' from which the routes were 
25 computed was last updated. 

Crankback to source is when a call arrives at a switch (i.e. node) and it 
cannot be forwarded to the next switch designated in its designated transit list 
(DTL) or other route indicator (referred to as a routing table herein), a message is 
sent to the originating switch of the DTL or the call, requiring the call to be re- 
30 routed on a separate route. 

Hop by hop crankback is when a call arrives at a switch and it cannot be 
forwarded to the next stage on its route, a message is sent to the previous switch 
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CLAIMS 

1. A method of routing in a communications network of interconnected 
nodes, the nodes being arranged to generate messages, each message having a 

5 destination information element containing the identity of a destination node for 
that message, a source information element containing the identity of the source 
node of that message, and a virtual source information element initially containing 
the identity of that source node, the method comprising performing at each node 
the steps of: 

10 (a) retrieving from a message the contents of its destination information 

element and its virtual source information element; 

(b) comparing the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

(c) comparing the retrieved virtual source node identity with its own node 
1 5 identity and, 

in the event of a match at step (c), 

(d) sending the message to the destination node via the highest 
ranking available route of a ranked set of alternative routes for that destination 
node, and 

20 in the event of a mismatch at step (c), 

(e) sending the message to the destination node via a predetermined 
alternative route for that destination node; and 

in the event of the unavailability of the predetermined alternative route in 

step (e), 

25 (f) replacing the content of the virtual source information element of 

the message with its own node identity and performing step (d), and 
if no route is available, 

(g) replacing the content of the virtual source information element of 
the message with the node identity of the node from which the message was 
30 received and sending the message back to that node from which it was received. 

2. A method as claimed in claim 1, wherein said predetermined alternative 
route is one of the set of alternative routes for that destination node. 
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3. A method as claimed in either claim 1 or claim 2, wherein at least two of 

the set of alternative routes are node-disjoint routes. 

5 4. A method as claimed in any one of claims 1 to 3, wherein step (g) further 

comprises changing the state of a flag in a crankback information element of the 
message, and step (d) comprises ignoring the alternative route that had previously 
been used for that message. 

10 5. A node for use in a communications network of interconnected nodes, the 

node being arranged to generate messages, each message having a destination 
information element containing the identity of a destination node for that message, 
a source information element containing the identity of the source node of that 
message, and a virtual source information element initially containing the identity 

15 of that source node, and being arranged 

to retrieve from a message the contents of its destination information 
element and its virtual source information element; 

to compare the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

20 to compare the retrieved virtual source node identity with its own node 

identity and, 

in the event of a match between the retrieved virtual source node identity 
and its own node identity, 

to send the message to the destination node via the highest ranking 
25 available route of a ranked set of alternative routes for that destination node, and 
in the event of a mismatch between the retrieved virtual source node 
identity and its own node identity, 

to send the message to the destination node via a predetermined 
alternative route for that destination node; and 
30 in the event of the unavailability of said predetermined alternative route, 

to replace the content of the virtual source information element of 
the message with its own node identity and to send the message to the 
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destination node via the highest ranking available route of the ranked set of 
alternative routes for that destination node, and 
if no route is available, 

to replace the content of the virtual source information element of 
5 the message with the node identity of the node from which the message was 
received and to send the message back to that node from which it was received. 

6. A node as claimed in claim 5, and further arranged to respond to no route 
being available, by changing the state of a flag in a crankback information element 

10 of the message, and to respond to receipt of a message containing a crankback 
flag in a changed state, by ignoring the alternative route that had previously been 
used for that message. 

7. A communications network comprising interconnected nodes as claimed in 
1 5 either claim 5 or claim 6. 

8. A method of routing in a communications network, substantially as 
hereinbefore described with reference to the drawings. 

20 9. A node for use in a communications network, substantially as hereinbefore 

described with reference to the drawings. 
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(57) Abstract 

A routing algorithm having particular advantage in sparsely connected networks in which nodes have a ranked set of alternative routes 
to a destination node, these routes being node-disjoint. Setup messages (30) have an additional information element (34) for the identity of 
a virtual source node, and a source node inserts its own identity in the virtual source information element. Unless a node is the destination 
for a message, it examines the content of the virtual source information element (34) of a message, and if there is no match with its own 
identity it selects from its routing table a predetermined alternative route for the destination node. If that route is unavailable, the node 
replaces the content of the virtual source information element (34) with its own identity, and performs routing on the basis that there is 
now a match with its own identity, i.e. it behaves as if it had generated the message. It selects from its routing table the highest ranking 
of the set for the destination node, and in the event of a fault on the highest ranking route, tries one or more lower ranking routes. If no 
route is available, the node replaces the content of the virtual source information element (34) with the identity of the node from which it 
was received, and sends the message back to the node from which it was received. 
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ROUTING IN A COMMUNICATIONS NETWORK 
This invention relates to a method of routing in a communications network 
of interconnected nodes, and particularly, but not exclusively, in a sparsely 
connected network. 

5 A number of routing algorithms are known for routing in a network of 

interconnected nodes. For example, in the event of a fault preventing a message 
from being forwarded from a transit node T1 to an adjacent node T2, the message 
is sent on an alternative route to T2 via another transit node T3. In another 
example, if there is a fault on a primary route to a destination node, the message 

10 is returned to the source node and a secondary route is tried from the source node 
to the destination node. 

In accordance with one aspect of the present invention, there is provided 
a method of routing in a communications network of interconnected nodes, the 
nodes being arranged to generate messages, each message having a destination 

1 5 information element containing the identity of a destination node for that message, 
a source information element containing the identity of the source node of that 
message, and a virtual source information element initially containing the identity 
of that source node, the method comprising performing at each node the steps of: 

(a) retrieving from a message the contents of its destination information 
20 element and its virtual source information element; 

(b) comparing the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

(c) comparing the retrieved virtual source node identity with its own node 
identity and, 

25 in the event of a match at step (c), 

(d) sending the message to the destination node via the highest 
ranking available route of a ranked set of alternative routes for that destination 
node, and 

in the event of a mismatch at step (c), 
30 (e) sending the message to the destination node via a predetermined 

alternative route for that d stination node; and 

in the event of the unavailability of the predetermined alternative route in 

step (e), 
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(f) replacing the content of the virtual source information element of 
the message with its own node identity and performing step (d), and 

if no route is available, 

(g) replacing the content of the virtual source information element of 
5 the message with the node identity of the node from which the message was 

received and sending the message back to that node from which it was received. 

Preferably, at least two of the set of alternative routes are node-disjoint 

routes. 

Preferably step (g) further comprises changing the state of a flag in a 
10 crankback information element of the message, and step (d) comprises ignoring 
the alternative route that had previously been used for that message. 

In accordance with another aspect of the present invention, there is 
provided a node for use in a communications network of interconnected nodes, 
the node being arranged to generate messages, each message having a destination 
1 5 information element containing the identity of a destination node for that message, 
a source information element containing the identity of the source node of that 
message, and a virtual source information element initially containing the identity 
of that source node, and being arranged 

to retrieve from a message the contents of its destination information 
20 element and its virtual source information element; 

to compare the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

to compare the retrieved virtual source node identity with its own node 
identity and, 

25 in the event of a match between the retrieved virtual source node identity 

and its own node identity, 

to send the message to the destination node via the highest ranking 
available route of a ranked set of alternative routes for that destination node, and 
in the event of a mismatch between the retrieved virtual source node 
30 identity and its own node identity, 

to send the message to the destination node via a predetermined 
alternative route for that destination node; and 

in the event of the unavailability of said predetermined alternative route, 
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to replace the content of the virtual source information element of 
the message with its own node identity and to send the message to the 
destination node via the highest ranking available route of the ranked set of 
alternative routes for that destination node, and 
5 if no route is available, 

to replace the content of the virtual source information element of 
the message with the node identity of the node from which the message was 
received and to send the message back to that node from which it was received. 

In accordance with a further aspect of the present invention, there is 
10 provided a communications network of interconnected nodes, each of the nodes 
being as defined in the preceding paragraph. 

A specific embodiment of a method in accordance with the present 
invention will now be described by way of example with reference to the 
drawings, in which:- 
1 5 Figure 1 shows part of a sparsely connected network; 

Figure 2 shows information elements of a message; and 
Figures 3 to 6 respectively show routing tables of some of the nodes of 
the network of Figure 1 . 

Before proceeding to the detailed description, the reader may find it useful 
20 to have definitions of some of the terms in this art. 

Crankback refers to a mechanism for re-routing circuits which have either 
been broken due to the failure of some network element, or else have been unable 
to be established along their designated routes because of a change in network 
conditions since the 'topology state database' from which the routes were 
25 computed was last updated. 

Crankback to source is when a call arrives at a switch (i.e. node) and it 
cannot be forwarded to the next switch designated in its designated transit list 
(DTL) or other route indicator (referred to as a routing table herein), a message is 
sent to the originating switch of the DTL or the call, requiring the call to be re- 
30 routed on a separate route. 

Hop by hop crankback is when a call arrives at a switch and it cannot be 
forwarded to the next stage on its route, a message is sent to the previous switch 
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on the route requiring the call to be re-routed in such a way as to avoid the switch 
where it previously stalled. 

Limited loop prevention is where, if a switch attempts to route a call setup 
request (message) back to the switch from which it has just received that call 
5 setup, i.e. attempts to perform a "u-turn", then this condition will be recognised 
and the switch will be prevented from sending the request to that switch. 

In Figure 1, a network 10 comprises a multiplicity of switching nodes NX, 
where X is a node identifier, and interconnecting links LXY, where X and Y are 
terminating node identifiers for that link. As an example, the link interconnecting 
10 nodes NS and NA is arbitrarily designated LSA, although it could equally be 
designated LAS. 

The nodes NX are arranged to switch traffic being carried in accordance 
with international standards for asynchronous transfer mode (ATM), and although, 
for convenience, only ten nodes are shown, in a practical network, there will be 

15 many more nodes, e.g. in the planned UK ATM network there will be about 100 
nodes. The present invention is not limited to ATM networks, thus in variants the 
nodes can be arranged for switching traffic being carried in accordance with other 
standards, e.g. plesiochronous digital hierarchy or synchronous digital hierarchy 
using CCITT No 7 signalling system, and packet switching systems. 

20 The network 10 is partially meshed, in other words, not every node NX is 

connected to every other node NX. If the network were fully meshed, also known 
as a fully connected, or fully interconnected network, there would be n(n-1)/2 links 
LXY where n is the total number of nodes in the network, but in situations where 
the present invention is particularly advantageous, the network 10 has 

25 considerably fewer links LXY, and such a network is referred to as a sparsely 
connected network. Typically, a sparsely connected network has less than half the 
number of links LXY of a fully meshed network,. 

To illustrate the routing method of the present invention, one of the nodes 
is designated as a source node NS, another node is designated as a destination 

30 node ND, the other nodes in Figure 1 are designated NA, NB, NC, NE, NF, NG, NH 
and NJ. 

In a sparsely connected network, each of the nodes stores, for use in 
routing messages for which it is the actual or the virtual source, a respective set 
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of ranked alternative routes, comprising a respective primary pre-planned route and 
at least a secondary planned route, to each other of the nodes. As described in 
more detail below, the primary, i.e. highest ranking, route is to be tried first for 
calls for which the node is the actual source or the virtual source, and, when the 
5 primary route is not available, e.g. because of a link failure or a node failure, the 
next highest ranking route is tried, and so on, depending upon the number of 
alternative routes in the set. 

In this embodiment, the routes in each respective set are node-disjoint 
routes, in other words, other than the source and destination nodes, they do not 

10 have any other node in common. However, in some sparsely connected networks 
it may not be possible or desirable for all the routes in a set to be node-disjoint 
routes, but the present invention will still work advantageously. 

Suppose that there is a new call at node NS for node ND, and that the 
primary route is via link LSA to node NA, link LAB to node NB, link LBH to node 

15 NH, and finally link LHD to node ND and the secondary route is via link LSE to 
node NE, link LEF to node NF, link LFG to node NG, and finally link LGD to node 
ND. 

The node NS will generate a Setup Request message 30, also known as a 
Routing Request, shown in Figure 2, comprising the known information elements 

20 32 of the standard ATM Setup Request message, e.g. for source node identity 
32S, destination node identity 32D, and an information element for data 38. The 
message 30 includes an additional information element 34, which will be referred 
to as the virtual source information element, and an additional information element 
36 containing a crankback flag whose normal state is reset. When a node acts as 

25 source node and generates the Setup Request message 30, it will insert its own 
identity in the normal information element 32S for source node identity and also in 
the virtual source information element 34. 

Each node NX has a respective routing table 20 (e.g. routing table 20S 
shown in Figure 3) comprising a first column for the identity of the virtual source 

30 node. In practice, the node will retrieve the contents of the virtual source 
information element 34 of any Setup Request message 30 that it handles, and 
refer to the routing table 20 on the basis of the retrieved contents. This means 
that when it generates a Setup Request message 30, the contents of the virtual 
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source information element 34 will initially be its own identity. Otherwise, the 
virtual source node identity in information element 34 of a received Setup Request 
message 30 will depend upon the routing history of the received Setup Request 
message 30. The routing table 20 has a second column for the identity of the 
5 destination node, and a third column for the identity of the adjacent node to which 
the message is to be forwarded, in this embodiment, this third column is referred 
to as the Address column, and its entries are node identities. In a variant, as is 
known in the art, another way of identifying the outgoing route is by outgoing link 
identity. 

10 In each routing table 20 there is a single entry for each source/destination 

pair in which the source identity is not that of the associated node in the first 
column for each other node NX, but there are always two entries, a primary route 
and a secondary route, and possibly one or more further routes, for each 
destination node for the node NX at which that routing table is resident. 

1 5 The routing table 20S of source node NS is shown in Figure 3. For the ten 

node network 10 of Figure 1, there will be nine source/destination pairs (S/X) but 
only the sets for the source/destination pairs for the nodes ND, NA and NF are 
shown. In the routing table 20S, the set S/D contains a primary route S1 and a 
secondary route S2, as does the set S/A, but the set S/F contains an additional 

20 tertiary route S3. 

For destination node ND, the address for the first entry, primary route S1, 
is A, and the address for the second entry, secondary route S2, is E. The routing 
table 20S also contains, for each of the nine destination nodes reachable from 
node NS, a respective single entry for the other eight nodes for which node NS is 

25 a transit node F. For example, for node NF as destination, there are theoretically 
entries for nodes NA, NB, NC, ND, NE, NG, NH and NJ, but only the last of these 
is shown in Figure 3. 

The source node NS will send the Setup Request message to the node 
having the address, i.e. identity, A, associated with S1 in the routing table 20S at 

30 the source node NS. Upon receipt of this message, node NA will, in usual manner, 
retrieve the identity of the destination node from the destination information 
element 32D and check to see whether the destination node identity matches the 
node identity NA, i.e. whether node NA is to capture the message for an 
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associated terminal or whether it is to send the message on to another node in the 
network. If node NA is not the destination node for that message, it will then, if it 
has not already done so, retrieve the identity of the virtual source node from the 
virtual source information element 34, access its routing table 20A, Figure 4, in 
5 respect of the source/destination pair SD, using the retrieved virtual source node 
identity, find only a single entry, having the address B, and forward the message 
to node NB. 

Upon receipt of this message, node NB will similarly check to see if it is 
the destination for that message, read the identity of the virtual source node from 

10 the virtual source information element 34, access its routing table 20B, Figure 5, 
in respect of the source/destination pair SD, using the retrieved virtual source node 
identity, find only a single entry, having the address H, and forward the message 
to node NH. Node NH will perform the same steps, and similarly forward the 
message to the destination node ND. 

15 Assuming now that there is a fault, either at the node NH or in the link 

LBH, and that node NB ascertains by known means, e.g. alarm messages, failure 
messages or a timeout, that the attempt to forward the Setup Request message to 
node NH has failed. Node NB now does two things: it replaces, i.e. overwrites, the 
current, i.e. in this case, initial, contents (S) of the virtual source information 

20 element 34 with its own node identity, B; and it accesses its routing table 20B to 
find the set, in this case, pair, of entries, B1 (H) and B2 (C), for the 
source/destination pair BD, disregards the route which it now knows is a failure 
route, i.e. in this case, the route to node NH, and retrieves the address, C, of the 
route which has not yet been tried. In other words, the primary route from node 

25 NB to node ND is, in this case, part of the primary route from node NS to node 
ND, so the address for the first entry B1 is H, and the address for the second 
entry B2 is C. 

The nodes of network 10 are arranged to prevent a "u-turn", i.e. where a 
transit node for whatever reason routes the message back along the route from 
30 which it was received. In some networks, the nodes may not be so arranged, and 
in this case when such a node receives back a message that it has just sent, i.e. 
the route involves a "u-turn", this, inter alia, constitutes the route to that next 
transit node being unavailable. 
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In variants, it is not always the case that the primary route from node NB 
to node ND is part of the primary route from node NS to node ND, and it may be 
that the primary route from node NB to node ND will be via node NC, and the 
secondary route from node NB to node ND will be via node NH. In this case, when 
5 the route via node NH is unavailable or involves a u-turn, as mentioned above, 
node NB will note that the secondary route from node NB to node ND via node NH 
has already been tried, and upon replacing the current contents (S) of the virtual 
source information element 34 with its own node identity, B, it will send the 
modified message via the primary route via node NC to node ND. 

10 Node NB now forwards the modified Setup Request message to node NC. 

Upon receipt of the message, node NC first checks whether it is the destination 
node for that message, and then using the retrieved identity of the virtual source 
information element 34, accesses its routing table 20C, Figure 6, in respect of the 
source/destination pair BD, find only a single entry having the address D, and 

15 forward the message to the destination node ND. 

If, however, there is a fault at node NC, then node NB will have failed to 
find a route to the destination node ND on both its primary and its secondary 
routes. There being no further alternative routes in the set B/D, node NB now 
proceeds to overwrite the current contents (B) of the virtual source information 

20 element 34 with the identity of the preceding node NA, A and to change the state 
of the crankback flag in the crankback information element 36 from reset state to 
set state. Node NB then sends the modified Setup Request message 30 back to 
the preceding node NA. Node NA responds to receipt of this modified Setup 
Request message 30 by then similarly performing the steps of the present 

25 invention in accordance with the current contents of the virtual source information 
element 34, which it will match with its own node identity and proceed on the 
basis that it is the source of that message. 

Thus, node NA does the same thing and it accesses its routing table 20A 
to find the second entry, A2, for the source/destination pair AD, and retrieves the 

30 address, G. The presence of the crankback flag in a set state in the crankback 
information element 36 causes the node NA to ignore the entry that has already 
been used, i.e. the first entry A1 , and go straight to the second entry, A2. 
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Using the same method, node NG will treat the message as coming from a 
source A, find the address, D, corresponding to source/destination pair AD, and 
attempt to route the message to destination node ND. 

To sum up, each node has a routing table with three columns, one for the 
5 identity of the virtual source node, the second for the identity of the destination 
node, and the third for the identity of the next node in the route to that destination 
node. For traffic originating at a node there are always for each destination node 
at least two entries, the primary and secondary routes, but for transit traffic there 
is only a single entry for each destination node, i.e. only one of the routes being 
10 permitted for use, this being usually, but not always, the primary route from that 
node to the destination node. 

The above described method has following advantages: 

(i) it allows loop free routes to be specified for sparsely connected 
networks under single element, i.e. node or link, failure conditions with only a 

15 limited loop prevention mechanism in operation. 

(ii) it minimises the operation of crankback under single element failure 
conditions. 

(iii) it can operate successfully with either "crankback to source" or "hop 
by hop crankback" under failure conditions. 

20 (iv) if used with "hop by hop crankback" it will lead to shorter alternative 

routes than source routing, but will provide the same resilience advantages as 
source routing. 

(v) it could be used to implement load sharing. 

(vi) provided that the source routes are node disjoint, for each source- 
25 destination combination, only one routing table entry may be needed at every 

switch except for the source switches, which always require a set of at least two. 
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CLAIMS 

1. A method of routing in a communications network of interconnected 
nodes, the nodes being arranged to generate messages, each message having a 

5 destination information element containing the identity of a destination node for 
that message, a source information element containing the identity of the source 
node of that message, and a virtual source information element initially containing 
the identity of that source node, the method comprising performing at each node 
the steps of: 

10 (a) retrieving from a message the contents of its destination information 

element and its virtual source information element; 

(b) comparing the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

(c) comparing the retrieved virtual source node identity with its own node 
15 identity and, 

in the event of a match at step (c), 

(d) sending the message to the destination node via the highest 
ranking available route of a ranked set of alternative routes for that destination 
node, and 

20 in the event of a mismatch at step (c), 

(e) sending the message to the destination node via a predetermined 
alternative route for that destination node; and 

in the event of the unavailability of the predetermined alternative route in 

step (eh 

25 (f) replacing the content of the virtual source information element of 

the message with its own node identity and performing step (d), and 
if no route is available, 

(g) replacing the content of the virtual source information element of 
the message with the node identity of the node from which the message was 
30 received and sending the message back to that node from which it was. received. 

2. A method as claimed in claim 1, wherein said predetermined alternative 
route is one of the set of alternative routes for that destination node. 
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3. A method as claimed in either claim 1 or claim 2, wherein at least two of 
the set of alternative routes are node-disjoint routes. 

5 4. A method as claimed in any one of claims 1 to 3, wherein step (g) further 
comprises changing the state of a flag in a crankback information element of the 
message, and step (d) comprises ignoring the alternative route that had previously 
been used for that message. 

10 5. A node for use in a communications network of interconnected nodes, the 
node being arranged to generate messages, each message having a destination 
information element containing the identity of a destination node for that message, 
a source information element containing the identity of the source node of that 
message, and a virtual source information element initially containing the identity 

1 5 of that source node, and being arranged 

to retrieve from a message the contents of its destination information 
element and its virtual source information element; 

to compare the retrieved destination node identity with its own node 
identity; and, when it is not the destination node for that message, 

20 to compare the retrieved virtual source node identity with its own node 

identity and, 

in the event of a match between the retrieved virtual source node identity 
and its own node identity, 

to send the message to the destination node via the highest ranking 
25 available route of a ranked set of alternative routes for that destination node, and 
in the event of a mismatch between the retrieved virtual source node 
identity and its own node identity, 

to send the message to the destination node via a predetermined 
alternative route for that destination node; and 
30 in the event of the unavailability of said predetermined alternative route, 

to replace the content of the virtual source information element of 
the message with its own node identity and to send the message to the 
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destination node via the highest ranking available route of the ranked set of 
alternative routes for that destination node, and 
if no route is available, 

to replace the content of the virtual source information element of 
5 the message with the node identity of the node from which the message was 
received and to send the message back to that node from which it was received. 

6. A node as claimed in claim 5, and further arranged to respond to no route 
being available, by changing the state of a flag in a crankback information element 

10 of the message, and to respond to receipt of a message containing a crankback 
flag in a changed state, by ignoring the alternative route that had previously been 
used for that message. 

7. A communications network comprising interconnected nodes as claimed in 
1 5 either claim 5 or claim 6. 

8. A method of routing in a communications network, substantially as 
hereinbefore described with reference to the drawings. 

20 9. A node for use in a communications network, substantially as hereinbefore 

described with reference to the drawings. 
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